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and A Method for Production of San^e 



The present invention relates to a long-fibre reinforced thermoplastics material and a metliod for 
tlie production of long-fibre reinforced thermoplastics, wherein the fibres are impregnated with a 
first thermoplastics material. 

Corresponding materials and methods for their production have long since been known. 

in this domain, the term, "long-fibres" generally denotes fibres of at least 1 mm in length, and 
preferably in the order of 5 mm or above. Such fibre materials, also called composite materials^ 
have meanwhile been used in a multiplicity of ways in the domain of mechanical structural 
members where low weight, and, for example, high mechanical strength, electrical insulating 
property, or a low or high thermal conductivity should be combined together. For example, glass 
fibre- or carbon fibre-reinforced plastics are generally known for use with components subjected 
to both light and heavy mechanical loads, e.g. aircraft carrier surfaces, ships' hulls, golf club 
shafts, technical injection moulded components, and the like. 

Long-fibre reinforced, thermoplastics materials are often also made in the form of semi-finished 
or half-finished goods, by a thermoplastic being mixed with corresponding fibres, for example, 
or by fibres being impregnated with a thermoplastics plastics material, whereupon the material 
produced in tliis way is then broken into pellets or a granulate which is then used as a raw 
material for the production of larger sized components. To that end^ the pellets or granulate 
particles are melted, cast into a mould, or applied to surfaces, and combined together in this way, 

However, the combinations of materials which have been available hitherto for these long-fibre 
reinforced thermoplastics have been relatively limited. This is connected, amongst other things, 
with the fact that certain fibres carmot be impregnated with any thermoplastics plastics material 
without fixrther ado, so that the plastics material adheres to the fibres only very poorly. 
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something which is however an important requirement for the production of the desired 
combined properties of such composite materials. In this respect, the long-fibres should ensure a 
relatively high degree of tensile strength, whilst, on the other hand, the thermoplastics plastics 
material contributes advantageous shaping capability, elasticity and other desirable properties, 
5 e.g. resistance to corrosion, resistance to temperatures, and general chemical resistivity. 

Some properties, e.g. a good surface, can however only be produced with very great difficulty 
with conventional long-fibre reinforced thermoplastics, and generally require bonding with 
additional layers of material which produce good surfaces. 

) 

The chemical resistivity and resistance to temperature of these thermoplastics which have proven 
their worth hitherto for the impregnation of long-fibres in most cases leave much to be desired. 

In the face of this prior art, the aim of the present invention is to create a long-fibre reinforced 
thermoplastics material and a method for the production of same, which offers a considerably 
broader possibility for variation in respect of the mechanical, other physical, chemical and 
electrical properties attainable, than has been the case with previously known thermoplastics, 
long-fibre reinforced materials. 

With respect to the long-fibre reinforced thermoplastics material itself, the problem forming the 
basis of the invention is solved in that the matrix of the material consists of at least two different 
thermoplastics, wherein the fibres are wetted essentially by only one of the two thermoplastics 
materials. 

This means that preferably at least 80% of the fibres, or fibre surfaces, are wetted with the first 
of the two thermoplastics materials. 

This is advantageous in that one operational step, namely mixing or "blending" in an extruder, or 
similar machine, is abandoned- 

In this way, it is possible to impregnate, or mix. the fibres with a first thermoplastics material 
v/hich has a good wetting capability and impregnation capability for the fibres in question. The 
second thermoplastics material can then, if necessary, be selected with a view to the physical or 
chemical properties desired for the end product. For example, the second thermoplastics 
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material can be one which has a high resistance to temperature, a greater compressive strength, 
or, generally, mechanical strength, a better electrical insulation capability, or, optionally, also 
conductivity, or better i*esistance to certain chemicals. Depending upon the proportion of the 
second thennoplastics materi.al, its advantageous properties can then be decisive for the end 
5 product, whereas the fibres impregnated with the first thennoplastics material contribute to a 
very good tensile strength and thus a high mechanical loading capacity for the material. As far 
as the second thermoplastics material is concerned^ it is possible to select one which may have a 
very poor impregnation capability or wetting capability for the fibres, but which can combine 
easily and relatively well with the first thermoplastics material. The result is then a material 
10 which combines the advantageous properties of long-fibre reinforcement with those of the 
second thermoplastics material, wherein the first thermoplastics material essentially only forms 
the binding member l)etween the fibres and the second thermoplastics materiaL 

It will be appreciated that consequently the material which can be considered primarily for tihe 
second thermoplastics material is one which has a poor impregnation capability or wetting 
capability for the fibres present in the material.. If the impregnation capability or wetting 
capability were as good as, or even better than, the first thermoplastics material, then the fibres 
could also be encased or coated directly with the second material, and there would be no need to 
combine two thermoplastics materials. 

In any case, the special mixture, which is homogeneous to a greater or lesser extent, of two 
thennoplastics materials can also have new advantageous properties which neither of the two 
materials per se has, and so basically the joint use of two tliermoplastics materials as a matrix for 
long-fibres should be encompassed by the basic concept of the present invention, even if each of 
the individual materials per se has a good wetting- and impregnation capability for the fibres. 

The fibres contained in the material are, in particular, glass-, carbon-, aramide- or natural fibres, 
wherein the latter include materials like flax, hemp or jute, for example, and wherein mixtures of 
all the afore-mentioned fibre materials can also be used. 

Clearly, in view of the foregoing statements, it is expedient if at least one of the thermoplastics 
materials, referred to here as the "first" themioplartics material, is a material which wets the 
fibres well, wherein the material is preferably selected from the group consisting of 
polypropylene, polyamide (polyamide 6, polyamide 66, polyamide 12, polyamide 46), 
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polyethylene, acrylonitrile/butadiene/styxene copolymers, polyphenylene sulphide, polystjo-ene, 
and polyether-ether ketone. 

xAdvantagecus properties of the material are also obtained If the, at least two, thermoplastics 
5 materials contained in the material are poorly miscible, or immiscible, and form an 
inhomogeneous mixture. Therein, it will be appreciated that the inhomogeneities should be 
relatively low, i.e, the sizes of inliomogeneous areas should be less than the typical length of the 
fibres. In this way^ it is possible for the fibres which are wetted well by each respective one of 
the materials to bridge inhomogeneous areas in which the respective other thermoplastics 

10 material with a poor wetting capability substantially prevails. In this way, the advantageous 
properties provided by the tensile strength of the fibres are maintained, whilst, at the same time, 
the advantageous properties of the thennoplastics material which does not combine as well with 
the fibres are maintained in the material. In order to obtain a favourable ratio between the fibres 
which contribute to a first part of the desired properties of the material, and the second 

15 thermoplastics material which is intended to provide the rest of the advantageous properties, a 
variant of tihe invention is preferred, wherein the proportion of a first material which wets the 
fibres well makes up between 10 and 40% of the matrix material. 

In a preferred embodiment of the invention, it is provided that the first material is polypropylene 
20 and the second material is a high-quality polyaxnide, such as PA66, for example, wherein the 
polypropylene proportion is between 10 and 40% and the PA-propoxtion is accordingly between 
60 and 90%. 

It can also be expedient if the material contains a compatibility component which increases the 
25 bonding between the various matrix materials and/or their miscibiJity, In this way, a more 
favourable bonding of the two poorly nndscible materials is obtained, and thus greater 
homogeneity, so that even relatively short fibres in the region of between 1 and 5 mm in length 
can be used which bridge the correspondingly small inhomogeneous areas without further ado. 

30 With respect to the method for the production of long-fibre reinforced tlieraioplastics, wherein 
the fibres are impregnated with a first thermoplastics material, the problem which solves the 
basis of the invention is solved in that the fibres which have already been impregnated are 
impregnated again, or mixed, or encased, with a second thermoplastics material which is 
different from the first material. 



This method permits combination of the properties of fibres with thermoplastics materials 
(which are not very suitable per se for direct bonding), without a working step in which the 
thermoplastics are mixed together being necessary. 

Expediently, the length of the fibres to be impregnated is preferably at least 3, or particularly 
preferably, more than 6 mm. The fibres can be supplied in the form of a skein of fibres of 
essentially longitudinal orientation, but also in the form of a fibre matting of fibres matted 
together, or also simply in the form of a fibre mixture of randomly oriented fibres. In one variant 
of the method according to the invention, the fibres are initially extruded onto, or encased 
around, the first thermoplastics material, and following solidification of the thermoplastics 
material, possibly also a shaping step in order to extrude all of the materia^ e.g. in a skein of 
constant cross-section, it can then be impregnated again a$ a skein with the second 
thermoplastics material. However, in most applications, an embodiment of the production 
process is preferred, wherein following solidification and possible shaping the material occurring 
(initially in the form of a skein) is broken )xp into smaller sections^ wherein the length of those 
sections corresponds at least in magnitude to the average length of the fibres, in order not to 
shorten the fibres present unnecessarily. However, if the fibres are particularly long^ e.g. far 
greater than 6 mm, e.g. 25 mm, or are more or less continuous fibres, the sections into which the 
skein formed with the first thermoplsistics material is broken up can also be shorter than the 
average fibre length- Tliese broken up sections are then mixed with the second material, possibly 
with heating, and the mixed material is then subjected to a shaping operation. 

A shaping process such as this generally takes place by extrusion, blow moulding or injection 
moulding. With some mixtxires of thermoplastics materials, it can be expedient, if, after the first 
fibre reinforced material has been mixed with the second material (in a state below the melting 
point of the two materials) that mixture is brought to the melting point, or slightly above the 
melting point of the faster melting substance, for a short time only. This can, admittedly, result 
in the mixture not being completely homogeneous. However, it is sufficient if the 
inhomogeneous areas are small in size in comparison with the fibres, i.e. if, for example, 
conversely, relatively small areas are present in the xnaterial which consist of only one or the 
other of the thermoplastics materials, but if those areas have typical dimensions which are much 
less than the length of the fibres. 
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Fiiither advantages, features and possible applications will become apparent from the following 



Figure 1, left, shows a fibre skein 1 which is guided through an extruder 2 by means of a feed 
device 3 for a first thermoplastics material, wherein the extruder 2 and the corresponding feed 
nozzle 3 are only shown roughly here, and the fibre skein 1 is likewise only shown 
schematically, and pass through the extruders 2 and 4 from left to right. After passing through 
the extruder 2 and feed nozzle 3, the fibre skein is impregnated, and will from now on be 
refen-ed to as an impregnated fibre skein 1 1 which is guided through a second extruder 4 with a 
second feed nozzle 5, so that the fibre skein 1 1 impregnated with the first themioplastics material 
is encased with the second matrix, or the second matrix is applied to the impregnated skein 1 1, 
and then emerges from the extruder 4 as a ready fibre skein 21. This procediare is recommended 
above all if it is supposed that the bond between the two thermoplastics is poor and does not 
form a homogeneous mixture of plastics materials, so that during the extrusion or encasement 
operation with th.e second matrix, an optimum bond can already be achieved between the two 
thermoplastics. 

Figure 2 shows a long-fibre reinforced thermoplastics material with two matrices, which is 
produced somewhat differently from the thermoplastics material 21 shown schematically in 
Figure 1. In this case, following the first impregnation- and extrusion step, the long-fibre 
reinforced material IT occmring, which consists only of the fibres and one first thermoplastic 
material, is broken down into pellets in the form of little rods, and these pellets, or little rods, 
consisting of the material 1 1* are then mixed with a second thennoplastics material 6, as shown 
schematically in Figure 2. This mixture can then be heated again, and possibly also be extruded 
in order to produce a thorough bond between the fibre reinforced first thermoplastics material 
ir and the second matrix material 6. Therein, the final material occurring can indeed be 
inhomogeneous, and essentially contain the structure of Figure 2 (generally without any air 
gaps), wherein tlje fibres in the pellets 1 1 * bridge the inhomogeneous areas so that the material 
appears overall to be homogeneous on the macroscopic scale, i.e. with dimensions which are 



description of a preferred embodiment and the associated drawings, wherein: 



Figure 2 



Figure 1 



shows, schematically, a method for the production of long-fibre reinforced 
thermoplastics with a matrix consisting of different thermoplastics, and 
shows, schematically, a mixture consisting of a long»fibre reinforced 
thennoplastics material with a second matrix. 



clearly greater than the length of the individual pellets 11% and has properties representing a 
combination of the properties of conventional fibre reinforced materials with properties of the 
second thermoplastics material, despite the fact that the second thermoplastics material 
considered per se does not bond, or bonds only poorly, with fibres, and therefore conventionally 
5 could not be produced as a long-fibre reinforced material. 



